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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the process of the inorganic particles covered 
with epoxy group content polymer, and relates to the process of the inorganic particles covered 
and functionalized with the organic high polymer which has reactivity in detail. 
[0002] 

[Description of the Prior Art]Before, the thing using various kinds of spherical resin is known, 
for example as a carrier of adsorbent or an enzyme, etc. However, as for this kind of resin, 
since the raw material is only organic polymer, there is a problem in heat resistance, organic 
solvent-proof nature, a mechanical strength, etc. Therefore, in order to compensate the above- 
mentioned fault, what performed the surface treatment to the inorganic powder of the porosity 
which consists of metallic oxides etc. is proposed. 

[0003]The method of covering the surface of inorganic powder with an organic matter, using 
coupling agents, such as the Silang system, as the one method of this surface treatment is 
known. However, in this method, there were faults, like use an expensive silane coupling 
agent, and also a process becomes complicated, and cost becomes high. 
[0004]lf a vinyl monomer etc. tend to be used and it is going to cover the surface of inorganic 
powder with organic polymer instead of using the above-mentioned coupling agent, An 
inorganic powder comrade is tied up with organic polymer, it condenses and there is a problem 
that will become massive or the fine pores of a powder surface will be plugged up as a 
polymerization progresses, moreover ~ a lot of polymer which has not been covered solidifies - 

[0005]Therefore, when inorganic particles could be easily covered with polymer and could be 
encapsulated, it was expected that the functionality of inorganic particles increased and a field 
of the invention spread, but there was no good method conventionally. When the surface of 
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inorganic particles could be especially covered with the organic high polymer which has 
reactivity easily, it was much more desirable, and the appearance of the good coating method 
was demanded. 
[0006] 

[Problem(s) to be Solved by the lnvention]An object of this invention is to provide the method 
of encapsulating the surface of inorganic particles industrially advantageous with the organic 
high polymer which has reactivity in view of the above-mentioned actual condition. 
[0007] 

[Means for Solving the Problem]This invention persons found out that the purpose of this 
invention was attained by adding a specific monomer and polymerizing under existence of a 
specific ingredient, where inorganic particles are distributed in an aquosity medium, as a result 
of repeating examination variously that the above-mentioned purpose should be solved. 
[0008]Namely, a gist of this invention is distributed in an aquosity medium containing a 
polymerization initiator which consists of a cationic surface active agent, potassium persulfate, 
or ammonium persulfate which consists inorganic particles of long chain alkyl ammonium salt, 
It consists in a process of inorganic particles covered with epoxy group content polymer 
making it polymerize in the surface of said particle by adding an epoxy group content 
monomer. 

[0009] Hereafter, it explains to details per composition of this invention. In this invention, as 
inorganic target particles, it is particles, such as silica, alumina, and zirconia, and the particle 
diameter is usually 1 micrometer - about 1 cm. These particles have the preferred one where 
specific surface area is larger, for example, when it is silica, the specific surface area is 10- 
2 

1000m /g. Hydrogel may be sufficient as this particle, and as this hydrogel, it can use alumina 
hydrogel, silica-alumina hydrogel, silica hydrogel, zirconia hydrogel, alumina hydrogel, etc., 
and also can also usually use these Co-gel. 

[0010]Although the above-mentioned particles are distributed in this invention in an aquosity 
medium containing a specific cationic surface active agent and a polymerization initiator, as 
concentration of particles in dispersion liquid in this case, it is usually 1 to 20 % of the weight. 
Since condensation of particles will take place easily at the time of a next polymerization if this 
particulate concentration is too high not much, it is not desirable. As the fourth class of long 
chain alkylammonium salt which is a cationic surface active agent, Usually, are a thing of C g - 

18 and specifically, Sept lies trimethylammonium bromide (CTABr), octyl trimethylammonium 
bromide, lauryl trimethylammonium bromide, stearyl trimethylammonium bromide, etc. can be 
used. The amount of this cationic surface active agent used is usually 0.1 to 10 % of the 
weight to particles. 

[001 1]The amount of the potassium persulfate used or ammonium persulfate made to live 
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together, Usually, if it is 2-4-mol twice to long chain alkyl ammonium salt, since poorly soluble 
double salt which works as a polymerization initiator will be formed in the particle surface and 
the particle surface will be covered with polymer good in a polymerization as a result, it is 
desirable. The above-mentioned poorly soluble double salt is persulfuric acid Jl (Sept lies 
trimethylammonium) {[C 16 H 33 N + (CH 3 ) g ] 2 S 2 0 8}' for exam P le - 
[0012]Next, although epoxy group content polymer covers particles in this invention by 
polymerizing by adding an epoxy group content monomer to the above-mentioned dispersion 
liquid, As a monomer used here, it is usually a vinyl system monomer containing glycidyl 
groups, such as glycidyl acrylate or glycidyl methacrylate. When quantity which polymer of a 
grade which can cover the particle surface generates is enough as the amount of this 
monomer used and there is, it also has a possibility that particles may condense and is usually 
5 to 100 % of the weight to particles. [ not much much ] In this invention, a little cross-linking 
monomers, such as ethylene glycol diacrylate or ethylene glycol dimethacrylate, can also be 
used together, for example. 

[0013]After a polymerization start carries out aeration of the inside of a system maintained at a 
dispersion state with inactive gas, such as nitrogen gas, in accordance with a well known 
method, it can be performed by heating in polymerization temperature of 40-60 **. When 
reducing agents, such as NaHS0 3 or amines, are used together as a polymerization initiator 

and it is considered as a redox system initiator, it is possible to also make it polymerize at low 

temperature more. 

[0014] 

[Function]The hyphydrogamy inside of the body is made to distribute inorganic particles first in 
this invention with long-chain the fourth class of alkylammonium salt, potassium persulfate, or 
ammonium persulfate about C g - 1g . 

Therefore, poorly soluble double salt is made to deposit and form on the surface of particles. 
Next, if an epoxy group content monomer is added to this suspension, the double salt on the 
surface of the above-mentioned particles will carry out the role of the initiator which starts a 
polymerization, and the polymerization of said monomer will be performed on this surface. The 
inorganic particles with which the surface was covered by it by epoxy group content polymer 
can be obtained. And particles are filtered after the end of a polymerization, necessity is 
accepted, it can wash and dry and products can be collected. 
[0015] 

[Exam pie] Next, although an example is given and this invention is explained still more 
concretely, this invention is not restrained by description of the following examples unless the 
gist is exceeded. 

In 150 ml of examples flask, the Sept lies trimethylammonium star's picture 0.1 Og, Prepare the 
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potassium persulfate 0.027g and 25 ml of ion exchange water, add to this, and 1 .0 g of silica 
particles (the particle diameter of 7 micrometers, pole diameter of 150 A) For 30 minutes, After 
carrying out agitation treatment, 0.710 g of glycidyl methacrylate was added, and the 
polymerization was performed to this under a nitrogen atmosphere for 24 hours, stirring at the 
temperature of 50 **. 

[0016]Afterthe polymerization, after adding the do pen 0.1g which is polymerization inhibitor, 
particles were filtered with the mixture, and aqua destillata and methanol washed particles one 
by one, and it dried. By this polymerization, there is no condensation of particles and the 
inorganic particles covered with polymer good were collected. 

[0017]Lessons is taken from the particles collected here and the result of having measured 
specific surface area, pore volume, and the amount of epoxy groups in surface polymer is 
shown in the following table. 

In the method of two to example 3 Example 1, [0018] 
[Table 1] 







(cm 3 /g) 


(mo l/g) 






1 48 


0. 87 


1. 27X1 0-< 






1 03 


0. 50 


2. 42X1 O" 3 




^ 3 


3 6 


0. 1 4 


8. 53X1 0-3 





[0019][Measurement of specific surface area] It asked with the BET adsorption method using 
adsorption of nitrogen gas using Shibata Science tabulation planimeter SA-1000, and the 
specific surface area per 1g of silica was computed. 

[Measurement of pore volume] Using the POROSIMETER 2000 type by CARLO ELBA, it 
asked for the pore volume of encapsulation silica with the method of mercury penetration, and 
the value per 1g of silica was computed. 

[Fixed quantity of the epoxy group in polymer] Encapsulation silica was taught so that it might 
convert into polymer at a 30-ml Erlenmeyer flask and might be set to 0.1 g, 0.1N hydrochloric 
acid aqueous solution was added so that it might become the equivalent twice to an epoxy 
group, and it was made to shake in the thermostat of 25 ** of predetermined time. 1 ml of 
supernatant liquid was taken out after the reaction, and the conversion of the epoxy group was 
searched for by using quantity of HC1 contained as an indicator by calculating the number of 
equivalent which titrated, and asked and reacted in 0.01 N sodium hydroxide solution using 
phenolphthalein. 
[0020] 

[Effect of the lnvention]According to this invention, the inorganic particles which had epoxy 
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group content polymer covered can be manufactured efficiently. Since this particle has a 
reactant group said to the surface as an epoxy group, it can be used as functional complex 
particulates, such as a fixed catalyst, various bulking agents for chromatography, and a 
medical material, for example. 

[0021]For example, since acid and epoxy groups, such as amine, such as benzylamine and 
picryl amine, or hydrogen chloride, react, the particles of this invention can expect to apply as 
immobilization of an enzyme, the adsorption separation carrier for chromatography, a fixed 
catalyst, etc. using these reactions. 



[Translation done.] 
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